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ABSTRACT

Onboard computers can-increase the guantity, quality and
reliability of spaceborne experiments by performing checkout,
sequencing, mode control and simple data compression. Estimates
of the requirements for each of these functions have been made by
analogy to other systems or by outlining procedures that might be
used.

Computers can also provide support for more complex data.
compression and reduction functions. The computer reqguirements
for these functions vary widely from experiment to experiment so
estimates have been made for specific examples such as solar flare
sensing, specimen selection, categorization of multispectral data
and autocorrelation of magnetic field data.

A 50-experiment mission is used to illustrate total mission
requirements in terxwms of today's technology and that of the mid-
1970's. All the experiments on this sample mission could be pro-
vided with checkout, seqguencing, mode control and simple data
compression by using 10% of the memory and speced capability of a
computer using today's technology and less than 1% of the memory
and specd capability of a mid-1970's computer.

In both cases, additional functions could be performed. A
reasonable set of these is outlined in terms of the specific
examples for which computer requirements were estimated. The re-
sulting mission regquirement exceeds the capability of today's com-
puters, but in terms of mid-1970's computers it uses 4% of the
storage and 20% of the speed capability. It seems clear that a
spaceborne comprter can be used effectively in spaceborne experi-
ments,
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TECHNICAL MEMORANDU

I. INTRODUCTION

Background

In the last five years, computers have advanced suffi-
ciently so that computational capability can now be supplied to
support more than just the functions of guidance, navigation,
autopiloting, and simple scelf-testing for which computers are
used in the Apollo program. Gruman and Schaenman® described
some of the addltlona1 functions for which support could be
provided. Among these functions are a variety of ways in which
the computer could be used to aid in spaceborne experimentation,
including monitoring, confidence testing, control, and process-
ing of experiment data for transmission to earth or for display
to astronauts. Using the computer for tasks like these results in
reducing the amount of time the crew must spend on monotonous jobs
and increasing the information/bandwidth ratio. It may make pos-
sible experiments that would not even be considered without the
availability of a computer. :

This memorandum discusscs some of the several ways ou-
board computers can be used to enhance experimentation in space.
Examples arxe used to illustrate the feasibility of using a
computer and to indicate the wide range of computer requirements
which might arise,

Guidelines
This memorandum is concerned with experiments on post-
Apollo Applications Program manned space flights in earth orbit
oY on planetary missions. Because of the necessarily vague defi-
nition of experiments and operating philosophy for these missions,
it was nccessary to make many assumplions; the reader's forbear-
ance is requested.

*"Punctional Requirements fox Spaceborne Computers on
Advanced Manned Missions," E. L. Gruman and P. S. Schaenman,
Proc. of Spaceborne Multiprocessing Seminar, NASA Electronics
Research Center, Cambridge, Massachusetts, October 31, 1966.
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Estimates of computational capability will be expressed
in terms of the required number of words of memory and the re-
quired nwaber of operations per second. The number of memory
words is calculated assuming that each word has 32 bits. The
number of operations per second is the number of equivalent add
times reguired. Also, estimates of operations per second asgsumne
that a machine with approximately 50 instructions is available.
Two typical instruction lists are given in Tables la and 1b.
Neither mewmory estimates nor speed estimates include any allot-
ment for computer executive functions; no particular machine
configuration is assuned.

The examples described in this memorandum show the
feasibility of performing various levels of computation onboard
the spacecraft. For some of the examples, it will be obvious
that the computer support should be provided in space; for
others, it may seem that the support could be provided on the
ground. The final decision should be the result of a study of
such factors as the dollar cost, the available communication
system (maximum bandwidth, continuity, reliability and duration
of spacecraft contact with easrth), and length of time necessary
for a message to travel to the spacecraft (ground delays and
speed of light are both factors). The experiments chosen as
examples seem to be good candidates for support by spacecborne
computers.

None of the examples has an explicit description of
man's role in the experiment. The ordinary mode for the exper i~
ments will probably be the automatic mode. Man will provide
maintenance, review experiment data, adjust equipment and take
advantage of unecxpected events.

IT. IMPLICATIONS OF USING COMPUTERS IN EXPERIMENTATION

One of the several implications of using computers is
that the demands on crew time may be reduced, perhaps to the
point where the number of crewmen could be reduced. At least,
the computer would perform many of the relatively routine tasks
and allow the crew to perform on a higher intellectual level.
The crew's psychological adjustment to working in isolated
quarters with a small number of people will be easier if tasks
to be done are non-routine and non-boring.

Increased flexibility should result from using compu-
ters in experimentation. After launch, for instance, it might
be possible to change a sampling rate after the experimenter
has had a chance to review his initial data. He might even
change the method by which the computer procesgses his data.
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Before launch, software can be changed without the
concerns of weight, volume and power consumgption that normally
accompany the replacement ¢f a hardware unit. Of course, soft-
ware changes are not easy to m2ke, especially if the need for
extremely hi ;h reliability dictatec entensive revaelidation. Lt
if experiment software can be separated from flight-critical
software and if each experiment's software can be separated from
the other's, a degree of validation commensurate with the experi-
ment's importance to the mission can be performed.

Use of computers may result in relatively less hard-
ware onboard the spacecraft. This would be particularly true
as multipurpose sensors are usced more and more, so that in the

.. th . . . . .
limit, the n-— experiment might consist of simply a computer

program. Thus, experimenters would build fewer complex elec-
tronic packages that had to be space qualified. Since there
would be less hardware, the hardware reliability would be in-
creased. Mission preparation times would tend to be shorter
since, for some of the less critical programs, the computer
programming could continue closer to Jaunch time than hardware
qualification.

The cxtensive use of a computer in experimentation
will have an influence on the design of the ceomputer itself.
The heavy reliance on the computer will be a factor in deciding
between a decentralized and centralized system and will also
affect other design features. For instance, one design feature
might be the capability to bypass the computer system (or at
least the processing part of the sysiew) to provide raw data
directly from the sensors. This feature permits some data to
be obtained even if the computer system fails or if the
experiment-~related software proves inadequate. It is desirable
because it reduces the risk involved in relying solely on the
computer and it makegs some of the less critical software pack-
ages expendable and therefore less threatening to software
development schedules.

Another design featurc that may be incorporated to
help alleviate software management problems is a memory large
enough so that the software for cach experiment can be assigned
a section of memory and wrxitten independently from the software
for other experiments. Even though this is quite inefficient
in terms of memory use, it is justified because of the result-
ing simplification of software manage:.ont.

Even with such design features, the increased use of
computers in euxperimentation will result in increased software




requirements which will in tvrn cause grealter software manage-
ment problems. Recent studies have contribut to understand-

a
ing and reducing (but not rewmoving) these probleoms.*

There are several long-—-term implications of computer
use in experimentation. First, more experimenters may becone
interested in the space progrewm when it becomes evident that
their involvement will be primarily with software development,
rather than with the building and space-gualifying of herdware.
Second, as more experimenters become involved and lecarn of the
computer capability that can be made available to them, more
complex experiments may be proposed. Third, spaceborne process-—
ing may reduce cxperiment data to manageable proportions.

IIT. USE OF COMPUTERS FOR CEECKOUT

The checkout of cexperiments is parvticularly important
on long-term missions gince some experiments may not be usad
until an appreciable time after the start of the mission and
others may be used for the duration. The reacsons for avtomating
this procedure (speed, accuracy, precision, repeatability,
avoidance of human ervor in coupliceted procedures) have boeen
discussed in another memorandum.*#

Computer requirements for checkout of experiments de-
pend on the number of checkout test peoints, the type of checkout
being performcd and the frequency with which the checkout is
performed.

To deterimine the checkout requirements that might
occur, some assumptions are necessary. YFirst, assume that
monitoring an experiment requires looking at all electrical
scientific data and, additionally, one experimant-hardware
measurement for each scientific data measurement. Then the
number of checkout test points will be twice the number of
scientific data points. The number of electrical scientific
data points for a sel of experiments is shown in IFigure 1. Only
five of the 56 ecxperiments, which are those once proposed for
AaP-1, 1A, 2, 3 and 4, havce move than 25 data points per experi-
ment. More than half have five or fewer data points per experi-
ment. But since this memorandum assumes highly sophisticated

*"Confiqguration Managcuent of Comnuter Programs,"
Burt H. Liebowitz, Fourth Space Congress, Cocoa Beach, Florida,
April 1967; "Configuration Managemeni During the Definition and
Acquisition Phases," AFSCM 375-1, US Air Force Systems Command,
June 1, 1964; or "Configuration Management Exhibit for Compuler
Prograus," ESD Exhihit RST-1, Air Force Systoms Comnmand,
L. G. Hanscom Field, Bedford, Massachusebtts.

*%YFunctional Requirements of Spaceborne Computers on
Advanced Manned Missions," op. cit. :
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experiments, a high number of scientific data points per experi-
ent, say 50, will be assumed. Then 100 checkout points per
xperiment will be monitored.

o =2

The checkout procedure itself will be passive and will
be simply to comparec a monitored value with an acceptable value
and a range for that value. When the value is out of the accept~
able range, an indication is given that might be setting a bit
in a register or providing an output to sound an alarxm.

The flow chart for such a procedure is shown in
Figure 2. An instruction would be needed to (1) read the accept-
able deviation, (2) rcad the measured value, (3) form the differ-
ence between the measured and acceptable values, (4) compare the
difference with the acceptable deviation, (5) scend an output, (6)
update the index register that locates the acceptable vaslue and
deviation and (7) check an interrupt line to determine if check-~
out should continue. To allow some flexibility in the manner of
performing these operations, storage for twice this nunber of
instructions could be provided. If 14 words are allocated for
cach experiment, the programs can be written independently. The
exact number is not too important because it is overshadowed by
the 200 locations needed to store an acceptable value and accept-
able deviation for each of the 100 checkout points assumed to be
in the experiment. Therefore, a reasonable requirement is 210
words., This number would decrease if there are fewer checkout
points and would increase if a more complex procedure is used.

The number of operations required to perform each test
directly affects the checkout speed requirement. Using a ground
rule that an experiment has to be checked out once each minute,
performing 7 to 14 operations on cach checkout test point would
mean that about 12 to 24 operalions per second are required.
Remembering that not all instructions will be performed each
time, 10 opecrations per test point is a reasonable estimate,
resulting in a requirement of 17 operations per second. This
nuber is very sensitive to the number of checkout points and
to the time that is allocated to each checkout procedure.

IV. USE OF COMPUTFRS FOR CONTROI, OF EXPRRIMENTS

Control of experiments by computers can be open loop
or closed loop. It can range from simple sequencing or mode con-
trol triggered by a paramcter reaching a preset value through
complex telescope pointing to using results of pattern recogni-
tion or spectral analysis for control decisions. Some of these
are described below.

Sequencing

Sequencing, that is, turning experiments on and off as
the mission proceceds, can be a complex operation. Factors such
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as a resltraint on peak power, the total power availasble and
physical interference with a sensor by another sensor result in
interactions between experiments and other systams.

If the complex process that considers these and other
factors can be donc on the ground to determine a simplified time
line for use onboard then the onboard computer can be used for
the simple task of turning each of the experiments on and off at
predeternined times. It would provide the function perfoimed by
the sequencers that are sometimes used on unmanned satellites.

The advantages of using the onboard compurier to perform
even this simple function are (1) the flexibility of being able
to make inflight changes to the predetermined sequence, and (2)
the reduction in hardware resulting from replacing an existing
sequencer with the computer.

The cost in terms of speed and memory regquirements is
small since the required onboard systcm can be very simple.
For instance, a real time clock could bhe compared with a monitor
register containing the time that the next on or off action is
necessary and, perhaps, information about the type action neces-
sary. A coincidence between the clock and the register would
cause an interrupt. The proper control signal would be sent and
the identifying word for the next action would be stored in the
monitoxr register.

Fach experiment would require 2 data words for each
event associated with the experiment. One would always be
needcd to indicate the time that action is to be initiated, and
another might be neccssary to indicate the type of action to be
taken if no bits in the time word are available for this use.

The program would require an instruction woxd for each
of the following operations:

1. determine that the intexrupt is the sequencing interrupt,
2. read the event number register (this is a memory loca-
tion that is incremented by 1 each time a sequencing

interrupt occurs),

3. based on the nurber in the event number register,
read the word that pertains to this event,

4. send the appropriate control signal,

5. store in the monitor register the word indicating the
time that the next event should take place,

6. increment and store the event number.
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This program could be shared by all the experiments,
but to be conservative and to perwit each program to be written
independently, each experiment will be allocated 6 instruction
words and 2 dwia words. Doubling the number of instructions to
cover any bookkeeping that might be necessary gives a total re-~
quirement of 14 words per experiment.

The recal time requirements for this function depend
on the time that can be permitted between two consecutive events.
Assuming that there is at leasl 1 second between interrupts, only
one event occurs within that second, and 10 of the 12 instruc-
tions are performed for each event, the real time reguirement is
10 operations per sccond.

Mode Control

Mode control is similar to segquencing except that in-
stead of iollow1ng a predetermined set of steps, acltion may be
initiated by outputs from other onboard sensors or by the output
of the sensor whose mode is being changed.

Control of a camera offers an example of this type of
control. The criterion for turning on the camera may be that
the spacecraft is over land areas, ox, even more simply, that
there is no cloud cover. Assuming that the cloud cover crite-
rion is used, and that there is a cloud cover sensor available
onboard, the control function is fairly simple. In fact, the
signal indicating cloud cover is analogous to the interrupt
signal in the example of sequencing discussed above. Therefor
the same estimates would apply. That is, the recquirement is
14 memory words per experiment and 10 operations per second.
Thebc requirements restrict the mode control to being a simple

sponse to a simple stimulus and does not include such things
as calculation of a rate or an average. For instance, if a
sensor is to be turned on when the spacecraft is over Long
Island, New York, these requirements provide for doing so upon
receiving a signal from the guidance and navigation system.
They do not provide for position calculation.

Advantages of using a computcr to perform this func-
tion include the capability to base the control decision on
processed data from another sensor, and the reduction in hard-
ware that results from using a computer rather than building a
specialized component to perform the job.

Sequencing and mode control are two simple types of
control that could be used with many experiments. Three other
examples of control for specific experiments are described in
the appendix to show the wide range of requirements that might
arise from experiment control.
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One of these--choosing amonyg specimens by analyzing
the gamma-ray spectra produced by exciting their nuclei--
results in an estimated requirvement of 20,000 words of menory
and 200 operations per second. Ancther example, requiring 3,000
menory words and 12 operations per second, is a type of pointing
control that might be encountered on a planetary mission. The
third example is solar flare sensing. This requires 10,000
words of memory and 70,000 operations per second.

One of the ways that computers can be used for experi-
ment control is to process data and provide displays to the
astronauts. Experiment data might be presented as curves,
histograms, comparative averages from several sensors or other
forms for evaluation and decision making by the astronauts.

What emount of processing is solely for displays, what unique
processing needs to be done and what kinds of displays are
necessary sre topics worthy of separate study and will not be
further discussed in this memorandum.

IV. USE OF COMPUTERS FOR DATA COMPRESSION AND REDUCTION

The bits of experiment data telemetered to the ground
during a space mission generally result, after analysis, in a
smaller number of information bits. If some of the analysis
can be done on board the spacecraft, it may be possible to send
down more information without increasing the number of bits
that are transmitted.

Photographs are one of the very biggest contributors
to the data generated on board the spacecyraft. The policy for
handling photographs will directly influence the value and the
degrece of data compression and reduction methods that are
applied to the data. If a few sclected photos are transmitted
to earth and the resi are saved and physically returned to earth,
compression and reduction of other data can be worthwhile., If
all or nearly all photos are transmitted to earth, then the
savings realized by compression and reduction of the other data
will represent a small percentage of the overall data transmitted
unless these techniques can also be applied to photos. Whether
they can or not depends in large degrce on whether enough prior
knowledge of the subject in the photo exists to permit use of
efficient reduction techniques.

Keeping in mind this worxd of cuution, data compression,
variable sampling and data reduction are discussed below.

Data Conpression

Data compression is defined here as all those tech-
niques wvhich allow for recovery of the raw data except variable
sampling, which is discussed in the next section. Other terms
that have been used to describe the type of anslysis discussed
in this section are data compaction and redundancy reduction.
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Two data compression techniques are prediction aud
interpolation. DBoth of these technigues allow omission of
samples when the samples can be implied by the value of preced-
ing or succeecding samples, along with an assumed progression of
values.® Interpolators obtain several samples and determine
the best value between the end points, as well as how far apart
the end points should be, assuning that the points follow a
curve described by a polynomial. Predictors simply assume that
a value will follow a polynomial and check to see if the sampled
value is within prescribed bounds. The polynomicl that the
values are assumed to follow can in eithexr case be zero order (a
horizontal line), first order (straight line) or higher.

A sinple zero-order predictor is shown in Figure 3.
Figuring on two instructions to rcad the current and previous
data samples, three to do the comparison, two to add identifi-
cation to the current sample and one each for storing the data,
updating the current value and updating the index register, the
total is ten. This covers the operations performed on a single
parameter. An additional 10 words are allocated for deciding
when to continue to another paramcter and for setting up the
necessary index registers. The total memory reqguirement, then,
would be 20 words. ’

The number of operations performed on each incoiing
sample will be about 10 on the average gince in many cases the
comparison will result in the shorter route in Figure 3 being
followed. The real time computer requirement will be directly
proportional to the sampling rate, which can vary from one
sample every few seconds to thousands of samples each scction.

A typical rate is 50 samples per sccond, resulting in a require--
ment of 500 operations per second.

Compression techniques can be much more complex than
this predictor. To show the range of requirements that might
arise, a ground-based system operated by Environmental Sciences
Service Administration was studied. This system, described in
the appendix, requires an estimated 1,150 words and 1400 opera-
tions per second to monitor each of 60 channels and attempt to
find some correlation between thc data.

Variable Sampling

Another way to increase the eificiency of information
return is to provide for variable sempling of the data al the.
sensors. When a sensor is sampled at a fixed rate, as is the

*"Data Compression and Adaptive Telemetry," C. M. Kortman,
Proc. 1965 Western Flectronic Show and Convention, Auqgust, 1965;

"Redundarncy Reduction - A Practical rethod of Data Coupression,"
C. M. Kortman, Proc. IEEE, Volume 55, No. 3, March, 1967.
I 4
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case described in the previous gection, the rate must be high
enough to accommodate the highest information rate from the
sensor. If the information rate from the sensor is not always
the same, the high sampling rate resultce in some degree of
redundancy. The degree of redundancy increases as the informa-
tion rate decreases. If it is possible to vary the sampling
rate, the redundancy can be reduced.

A variable sampling system is described in the appen-
dix and the conclusion is reached that instead of varying the
sampling rate at the sensor, it is better to sense at a high
rate and use the computer to determine the rate at which the
information is retained.

Data Reduction

Data reduction, as defined here, is processing of
data resulting in an irreversible change of form of the orig-
inal data. This type of processing promises the greatest in-
creases in the information/bandwidth ratio, bul also represents
the most drastic deperture from the practice of transmitting
all raw data to earth.

The reduction that is performed is entirely dependent
on the particular experiment and it is therefore difficult to
generalize the computer requirements. To obtaian an idca of the
rance of requirements that might arise, threc examples of data
reduction are described in the appendisx.

One of these is the analysis of multispectral data
to determine land use. If the analysis is done continuously,
the requircment isg 1,000 words of memory and 50,000 operations
per second. If the analysis is only done half the time, corre-
sponding to being over land, for instance, then the speced re-
~quirement can be reduced to 25,000 operations per second by
adding a buffer that increases the memory requirement to about
1200 words. The sccond example described in the appendix is
an autocorrelation of magnetic field measurements resulting in
a requirement of 150 words of memory and 340 operations pex
second. The third exawple is the reduction of data from a
plasna experiment, resulting in a requirement of 140 words of
memory and 140 opecrations per-second.

VI. REQUIREMESIS FOR AN ADVANCED MISSTUN

What will be the edperiments package on an advanced
mission? What experiment functions will the computeirr perform?
These questions are not easily answered. BAn experiments package
evolves over a long period of time and is seldom well defincd
in early planning stages. Although there are no details of the
specific experiments, a ballpark guess at the number of experi-
ments producing analog or digital data is about 50, This is the
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approximate complexity of the exzperiment packages of all the
AAP missions lumped together. It is assumed that all 50 experi-
ments are operating at the same tine.

The functions that the computer might perform are
such general functions as checkout, seguencing, mode contiol
and simple data compression for all the experiments. Also,
there may be particular experiments for which the computer
might perform functions of the same cowmplexity as those de-
scribed in the appendix. The computer requirements for these
general functions and the specific exanples are suwunarized
in Table 2.

The degrec of computer support for experiments de-
pends in part on the amount of computaltional capability avail-
able. Present-—day aervospace computers can be obtained with
131K words of memory and capable of 300,000 opcrations per
second.* As shown in Table 3, simple data compression, mode

control, sequencing and checkout can be provided for all 50

experiments by using a little more than 10% of the storage
capacity and only about 2% of the speed capability of a cur-
rently available computer. Bear in mind that no allowance

was made for an executive program or buififers and that a cur-
rently available computer with a memory of 131K words would be
somewhat bulky--about the size of two file cabinet drawers.

Nonetheless, it appears that with an existing com-
puter it is feasible to provide such general funcltions for
all experiments on a mission. IJIf a currently available compu-
ter is dedicated for usc with experiments, it appears fecasible
to do other functions as well. 9Yhe complexity of these other
functions may be similar to the examples described in the
appendix. For example, if a procedure as complex as the analy-
sis of rock spectra were added for two experiments, the result-
ing overall requirement would be 52,900 memory words and 27,250
operations per second. Alternatively, ten expcriments might be
provided with additional comp:ter processing as complex as the
ESSA system and another ten might have additional processing as
complex as the intermittent land analysis example. This results
in a total requirement of 36,400 memory words and 290,850 opera-
tions per second. There are of course many other combinations
of functions that could be performed without exceeding the capa-
bility of the computer.

*"Trends in Aerospace Digital Cowputer Design,"
D. O. Baechler, IEEE Computer Group Necws, January 1969.
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A spaceborne computer ¢f the mid-1970's can be ex-
pected to have 3,000,000 wmemory words® and to be capable of
2,000,000 operations per second.®* To perform the general func-
tions for all w.periments using a compucer with this capabilit,
would use less than 1% of the storage capability and 1% of the
speed capability. Table 4 shows the computer requirement for a
mission on which general functions are performed for all 50
experiments and in addition many tasks of the complexity of
those in the appendix are performed. Yet only 4% of the storage
capacity and 20% of the speed capability is used. Despite all
the assumptions in arriving at the estimates of requireuments
and in predicting future computer capability, it is clear that
a spaceborne computer could support a variety of functions for
a large number of experiments on mid-70's missions. Also, it
is the author's opinion that once experimenters become fully
awarc of the tremendous potential for using the sgpacceborne com-
puter system in experimentation, all of the computer capability
that is available will quickly become used.

ﬁ A~ SR /)/{?
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1031-DOB~jdc . 0. Baechler

Attachment
Appendix

Figures 1 thru 6
Tables 1 thru 4

*The memory size is an extrapolation of the projections
given in "Present and Future State-of-the~Art in Guidance Compu~
ter Memories," R. C. Ricci, NASA TH D-4224, NASA Electronics
Regsearch Center, Cambridge, Massachusetts, Noveaber, 1967.

*#"fhe LSI Computers in Your Future," Electronic Design,
Vol. 16, No. 5, March 1, 1968, e
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Several gpecific examples of ways computers can be used
to aid cyperiments are described below. Computer requirements in
terms of memory words and operations per second are estimated.
While these examples might not appear on a specific mission, they
indicate the different procedures that may be needed and the pos-
sible range of computer requirements.

Pointing Control

One type of control is accurately pointing a telescopo.
In the Apollo Applications program, for instance, a telescope is
pointed at the sun during certain periods. Ancther example of
pointing control that might arise on a planctary mission is ac-
quiring and tracking one of Mars' two satellites. In this casc,
a telescope norinally used for other observations has to quickly
and efficiently acquire the desired satellite, and then continue
to track it. Even the tracking function prescnts a stringent
requirement because of the proximity of the spacecraft to the
satellites.

There are, of course, many variables that will affect
the computer requirement for this example. The date of launch
will affect the available light on the surface of Mars and on
the surface of the satellites. The reclative observation times
for the two moons may depend on the findings of the initial ob-
servations. But even though this particular example has varvi-
ables not discuassed in detail here, it scrves as a general
example of an experiment in which pointing and holding is of
primary importance.

The memory requirement is estimated to be 2000 words
for instructions and 1000 words of data, or a total of 3000
words. This is based on a preliminary estimate of the memory
needed to perform functions associated with the Apollo Tele-
scope Mount in the Apollo Applications missions.*

Speed requirements are determined by finding out how
often control signals must be given. On a slow encounter mis-—
sion, the spacccraft will be moving abent 4.5 km/scc with re-
spect to Mars. The speed of the faster of the two Mars' moons,
Phobos, is sbout 2 km/scecc with respcct to Mars. 1In the worst
case, the relative velocity of the spacecraft to Phobos would
be 6.5 km/sec and in the best case, it would be 2.5 km/sec.

*"Spacecraft Computer Memory Requirements for AAP -~ Case
600~2," J. R. Birkemeier, Memorandum for File, Bellcomm, Inc.,
July 17, 1967.
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The encounter angle, though variable, will result in a minimum
distance of &%out 30,000 km from the spacecraft to Phobos and
will also result in a relative velocity that is somewhere be-
tween the extremes. If the telescope has a 1.5° field of view,
the width, x, of the field of view at a distance of 30,000 km

is x = (30,000 km) (tan 1.5°) = 783 km. Therefore, for a rela-
tive velocity of 4.5 km/sec between Phobos and the spacecraft,

it is nccessary to provide control every time the spacecraft

and Phobos move 783 km relative to one another, and 783 km/™-

4.5 km/sec = 174 seconds would be available for the calculations.
If each of the 2000 instructions is performed three times, the
speed reguircuent would be 3x2000/174 = 36 operations per second.

Spectra Analysis

latching an observed spectra with a library of spectra
to identify what is being looked at is a procedurc that might be
common to many spaceborne experiments, One example of this is
choosing a rock sample. Obsecrving the spectra of gawma rays
which are produced by naturally or artificially excited nuclei,
can yield a complex pulse height spectrum of the sample. The
pulse height spectrum must then be transformed into a differen-
tial energy spectrum to provide meaningful informstion concern-—
ing the sample. A numerical least-square method of analysis has
been developed to accomplish this,* and the complete computer
program for performing it is given in "A Numecrical Least-Square
Method for Resolving Complex Pulse Height Spectra." This pro-
gram includes a subroutine for analyzing the data from known
sanples to obtain a reference library of data. Then data from
an unknown sample is analyzed and the library deta is used to
identify the unknown. This program is written in FORTRAN for
the IBM 7094, and can be adapted to any similar computer. ' The
computer for which the program was written has an available
memory for 32,000 words, but only about 25,000 words are used.

The requirement on a mission can be reduced by gener-
ating the reference library of data on the ground. The entire
subroutine for library calculation can then be omitted, but it
is still necessgary to have sufficieunt memory to store this data.
Further reductions may be possible if the program is written in
machine langvage.

*"A Numerical Least-Square Method for Resolving Complex
Pulse Height Spcctra," J. I. Trombhea, Goddard Space Flight
Center, CGreenbelt, Maryland, kpril, 1967, X~641-67-184.
"Non Dispersive X-Ray Fmigsion Ana]ysw for Iunar Surfa
Geochemical Exploration,”" J. I. Trombka, I. Adler, R. QChmadebeck,

and R, Lamothe, Goddard Space Flight Ccnter, Greenbelt, Maryland,
August 1966, X-641-66--344.
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About 16,000 words axe necessary for the library cdata.
These will be included in the estimate even though they are
fixed data worxds that could bes stored ia a fixed memory. It is
estimated that 3000 words for the program and 1000 words for the
data from the unknown sample will be neceded, for a total of
20,000 woxrds.

The specd requirement depends on the amount of time that
can be spent analyzing each sample. Trombka's analysis requires
an estimated 6000 operations ({(the 3000 instructions in the pro-
gram are not all performed, but loops result in some being used
several times). Assuming that 30 seconds can be allowed ror the
processing, the speed requircment is 200 operations per second.

Solar Flare Sensing

Solar flare sensing illustrates both experiment con-
trol and data reduction. Also, it is a function for which there
is good justification for being done on-board rather than on the
ground. On long range missions, on-board sensing is noecesgsary
since the spacecraft may see areas of the sun that are not visi-
ble from the earth, and since there may be an unacceptable cou-
munications time lag from earth to the spacecraft.

Information concerning the flares might be used to
activate cameras and other sensors, increase the sampling rate
of scome sengsors, move filters into place to provide selective
data for some sensors, and warn the astronevts 1f a flexe ig of
sufficient magnitude that exposure to ils radiation would be a
health hazard.

A nmethed of automated solar flare sensing has been
outlined by Agarwal.® The system he describes is one in which

a square array of semiconductor diodes is used to sense the sun's
visible light. Each element in the array corresponds to a loca-
tion on the solar disk.

There are two methods of analyzing the information from
the array. The elements in the array can be scanned and their
intensities digitized and stored in a buffer memory in the form
of a 6-bit code (64 grey levels). FEach word in the buffer memory
can be compared with a threshold, and, when en element is found
to be of interest, further processing of adjacent elcments can be
done to determine the boundary of the flarc. Estimates of re-
‘quircnents for this method arve J.O6 six-bit memory words and 2%10°
operations per second. :

*Automatic Spacehorne Solar Flare Detection," R. K. Agarwal,
Technical Memorandum, Bellcomm, Inc., Case 103 (to be published).
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Another method that might be feasible for annlyzing the
information is to scan the array but only store the digitized in-
formation frou those elements that are «f interest. This reqgriics
a comparison to be done while the scanning is being done, and it
requires storing identifying information with every element of
interest. A 30-bit word must be stored instead of a.6-bit word.
Only 5000 words of buffer memory are needed, since statistics show
that rarely will more than 5000 elements be of intewvest.

The requirements for this second nethod have been detcr-
mined to be 10,000 nemory words and 70,000 operations per second.

Multichannel Interpolator

A moniteoring system operated by Environmental Sciences
Service Administration (ESSA) in Boulder, Colorado ;prbvides an
exonple of a system in which the data retention rate is based on
the processing of the data.

This system sequentially samples the data on 50 channels
and also services interrupts on 10 chennels. Each time a data
sample is taken, its value is compared to previous values and to
predetermined bounds permitted foir the data on this channel. IXf a
value is routine, very little menipulation is necessary. It is
stored about every 5 seconds for subsequent readout from the com-
puter.

If the value is nonroutine, further processing is neces-—
sary to determine the freguency with which its value ghould be
stored. The processing may measure the rate of change of the
data on the channel being sampled or the rate of change of the
data on another channel which affects the onc being sampled. Be-
cause of the interdependence of the channels, the nuwiber of opera-
tiong performed each time a channel is sampled is variable. But
an average can be obtained by considering the computer usage
factor. 1In this system, all nccessary computations are performed
and the computer remains idle 70% of the time.¥® The average speed
for an operation is 3.5 uscc, so the number of operations per
sccond reguired for each channel is

(106/3.5)(0.30/60 channels) := 1400 operationg/second

for each channel.

*Personal communication with L. David Lewis, Environmental
Sciences Service Administration, Bboulder, Colorado; February 14,
1968.
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The size of the program is to a large extent dependent
on the amount of memory set aside as a buifer, and the choice of
this amount ig dictated by the maximum lurst rate of informatio..
input desired. In the ESSA system, the program is about 8000
words.®* TIf 1000 words pexr channecl are added for the buffer
storage, the total is 68,000 words, or about 1150 worxds per
channel.

Variable Sampling

A variable sampling eystem is shown in Figure 4.%% A
different criterion is used for varying the sawpling rate on
each of the five channels. The rate at which channel 1 is
sampled 1s based on its high frequency component. Channel 2 is
sampled only vhen an event occurs. Detectors A, B and C deter-
mine the rate of change in the data from channels 3, 4, and 5
and send an ervor signal to the secondary schedulexr. (The de-
tectors may use different means of determining the rate of
change.) The secondary scheduler schedules channels 3, 4 and 5
baged on the error signals and connecits one of them to the pri-
mary scheduler. The primary scheduler makes assignments of
channels 1 and 2 and the secondary scheduler output.

The primary and second

ary scheduvlers act as bhuffers
between the aperiodic channel outpu
ita

puts and the necessarily peri-
odic operation of the analog/digital converter apd the telemetry

transmitter.

The functions of the primary and sccondary scheduler
could be accomplished by an ouboard computer, and this wvould
be particularly desirable if the scheduling functions were very
complex oxr if there were a larce number of channels to be
scheduled. A computer would be well-suited foxr scheduling’
channels that are sampled only when an "event" occurs (such as
channel 2 in Figure 5) since the event detector output could be
a discrete input to thc computer. ‘“he othcr channcls, those
with analog outputs, would require analog/digital conversion be-
fore a computer could be used for scheduling. If an analog/

*Personal communication with-L. David Lewis, Environmental
Sciences Sexvice Administration, Roulder, Colorado; February 14,
1968.

**The system block diagrem and description is given in "A
Synopsis on Data Compression,” Donald R, Veber, Proc. 1965
National Telemztering Conferencs, Apxril, 1965.
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digital converter is necessary on moct channels, a better approach

may be to provide each channel with a high speed analog/digital

converter and use the system described in the previous exampl:z,
multichannel interpolator.

The memory and real time requirements for a variable
sampling system would probably be somewhat less than even the
predictor described in the previous section, since much of the
decigion procedure takes place in the analyzers associated with
each channel. And since adding a high speed analoy to digital
couverter to each of the analyzers would allow the use of the
system described in the previous section, no estimate is made of
the requirements for the variable sawmpling technique.

Land Usge Bnalysig¥®

An exanple of data processing to increase the efficiency
of information return is the onboard analysis of data to determine
crop or land use signature of the land passed over by a satellite.
The particular signatuvre would depend cn the use being made of the
land; in a well-developed area the signatures might be thoce of
corn, oats, rye, soybeans, wheat, pasture, red clover, farmstead,
bare soil, or other, while in a less déveloped area the signatures
micght be those for dense forest, grass over 8 feet high, grass 4
to 8 feet high, grass under 4 feet high, bare soil, corn, pasture,
honiestead, and othecrs. In any casze, there might be 16 separate
signatures of interest. These can be represented by 4 bits. A
nultiband scanner provides 8 bits of data on each of 18 channcls
to be used to determine the signaturc associated with each resolution
element. Therefore, 144 bits arc processed to determine the 4 bit
signature for each resolution element.

The 18 channels cover a spectrun of radiation from about
0.1 to 14 microns. The nininum angular resolution, 0, using the

Raleigh criterion, is © = 1.22 e The poorest resolution would
occur on the 14 micron channel, and assuming an object lens diame-

ter of D = 1/3 meter, the poorest resolution would he 6 = 51>:10'-6

*The ideas for this example and much of the numerical esti-
mates were sucgested from "Remote Multispeciral Sensing in
Agriculture," Resecarch Bulletin No. 83z, July, 1967, Laboratory
for Agricultural Remote Sensing (LARS), Purdue University,
Lafayette, Indiana, and from other publications of LARS. The
system described in these references is experimental; the exanple
described in this memorandum assumes that all the experimental
difficulties have been overcome. It is not meant to imply that
the numbers used here describe a real or proposed systemn.
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radians. Then for orbital altitude of epproximately 200 miles
(say, A = 106 ft) the linear resolution, L, would bc
L=0+A=251 ft. If a mininua clement of resolution of

100 ft. x 100 ft. is chosen, then deta would be senced eveyry:
4200 usec. Each time the data is sensed, a decision about the
associated signature must be made. Considering that there are

16 possible answers and 18 charnels of input, it seems rcecasonable
to assume that the program for making this decisicn has 100 in-
structions, 900 data words and pe rforms 200 OppraLlO“S each time

data is sensced. The real time requirvcnent, hnn, is 200 opera-

tions/4200 usec, oxr approximately 50,000 cperaticis per sccond.
The memory reguirvement is 100 words for instructions and S00 words
for data, or a total of 1,000 words.

These figures assume continuvous real time operation. If
the experiment is made to operate only over land, then the longest
land mass would be 8000 miles, follouad by 8000 mileg of non-land.
The speed requirement could be decreased to 25,000 opcrations by

. 5 , - . 144 ]);1(‘ I
providing storage for 1/2(8000 miles x I -}, or an addi-

100 miles
tional 180 words.

It may seem that land use enalysis should be restricted
strictly to use over land and that, therefore, only the second of
the two estimates should be considered. Tbcre are two reasons why
it is desirable to retain both estimates. st, they provide a
range that may allow morc experiments to bp FJLLCJ to this example.
Second, land vse is just an example of a pOﬁSJb]e application; if
data was being processed to scnse schoolsg of fish or presence of
surface vessels, there may be orbits during which scnsing is prac-
tically continuous.

Magnetic Field Auvlo-Correlation Ixperiment

A method of auto-corxrelation for a particular experiment
has been described in detail* and a stored program computer has
been designcd to help perform this and other experiments aboard
the Interplanetary Monitoring Platform - F(TMP~F). A 20.48 second
telematry sequence is divided into 256 intervels of 80 millisecond
duration. During each of the first 238 intexrvals, 8 bits of raw
data are collected in the form of a 2's complGWént, 7-bits- plu"-
sign numbexr. .o data is collected during the remaining 18 inter-
vals in the telemetry sequence. Designating the rew data numbers
as Ei(izl...238), the output numbers are

*"Telemetry Cowputer Studics," E. P. Stabler, CGoddard Space
Flight Center, Greenbelt, Meryland, N66-23407, X-100-65-407,
September 1965; “"Spacecraft Computers for Scientific InLormatlon
Studies," Proceecdings of the IEEE, Vol. 54, No. 12, December 1966,
E. P. Stabley and €. J. Creveling.
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avg L A

which is a 12 bit number related to the average valuve of the mag-
netic field and

238
R. = £} Y E, . x E j=0...8
J ;éi 17 b

which are nine 12 bit nuabers related o the autocorrelation data.
The function, £, in the expression for Rj is a conversion from

integer representation to & specialized form of floating point
suitable for output to the teleomctry.

In "Telemetry Computer Studies," Stablexr lists the num-
bex of clock units necessary to pexrform this processing using a
computer which performs an add operation in 30 clock units. Using
30 clock units/operations as an average, his estimatces cen be
translated into operations per second. Each 20.48 geconds, 238
standard operations of 860 clock units duration are performed, and
another 6850 clock vuvnits are needed for figure convcrsion, tele-
metry preparation and resetting so the speed reguirement is

o (238)(%50) + 6850 clock units . 340 operxations
(30 clock uvnits/operation) (20.48 scc) second :

The memory requirement estimate is approximately 100 words for
data storage and about 50 words for program. The total estimate,
then, is approximately 150 words.

Plasma Fxperiment

A statistics computer has been designed at Goddard Space
Flight Center* to provide data processing for the Plasma Experi-

‘lent onboard the Explorer XXXIV satellite. 7o illustrate that the

functions of tne statistics computer could be performed by a

general purpose machine, @ brief description of the experiment and
the processing is necessary. The output of the sensors used in

- *"The Plasma Statistics Cowputer 2Aboard Explorer XXXiV,"
D. H. Schaefer and J. W. Snively, Jr., Coddard Space Flight
Center, NASA ¥-711-67-520, October 1%67.
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the experiment is a sexies of puls:, the freguency of which is
proportional to the plssma intencity. The satellite is spinu
tabilized ano, to define the directic the sengor is pointirsg,
cach revolution is divided into 16 parts. In 1nLovp1“nc+ it
space, nearly all plasma will be detected from the direction of
the sun; in the transition region of space between the magnceto-
sphere and the solar shock wave, the plasma is expected to be
homogeneously distributed. These expected distrihutions are
shown in Figure 5.% The plasia experiment is performed to deten-
mine:

"

1. the location in space of the boundary between the two
regions described above,

2.  the characteristics of the change in the azin
angle versus counting-iate curve as the satel
pasces through the boundary,

(1 "hd"
lite

3. the amount of flux precent, and

4. the direction at which the counting rate 1s grcatest.

. 19 . . .
Since 2 counts may occur dvring a sixteenth of a revolution,

the raw data gencrated during a revolution is

divisions bits . .
16 s % 19 Tr—— = 304 bits por revolutlion.
revolution divisgion ’ P

If Ci is the number of pulses rcceived from the sensoxr during a

22.5° intexval of a revolution, then a guantity, r, can be de-
fined as:

16
e L. S
6 . i
x =
1 < 2
(1"6 );‘ ci)
i=1

When this ratio has its maximum value of 16, it is an indication
that all inputs were sensed during a single 22.5° interval,
yielding a curve similaxr to that shown for interplanctary space

*"rhe Plasma Statistics Computer Abozrd Ixplorer X¥XIV,"
D. H. Schaefer and J. W. Snively, Jr., Goddard Space Flicht
Centexr, NASA X-711-67-520, Octolexr 1867.
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in Figuvre 5. When this ratio has its minimom value, f 1, it is
an indication that the szme nuwber of inputs arrvived du¥ing each
of the 16 ini :vals of the revolution. The system described fcx
use on E;plorer XX¥TIV provides the following information for
conmputation of the ratio, r, on the ground:

16
1. The total number of pulses during a revolution, Y' Ci’
iFl

is telemetered using & logarithmic representation that

regulrgq 8 bits. The logarithmic countexr used to deter-

mine this valve concists of two binary counters and a
switching matrix.

-

6

' X 2 .
2. The suw of the squarcq, Ci’ is deternined using o
i=1
12 stage counter, a 27 stage counter and associated

control devices. Then by using an output from the
logarithmic counter in conjunction with a 27 stage
shift register and seclcction logic, the most signifi-
cant 4 bits of the sum of sguares counter is commuta-—

ted to the telemetry system.

3. Fouxr bits are telemetered to indicate the interval
during which the maximum count occurrced. These bits
are obtained by counting the intervalsg, storing and
comparing the value of thz sum of sguares counter with
its value during the next intervel, and, when a larger
count occurs, transferiing the interval number to an

output registex.

A method of using a digital computexr to obtain the same data is
outlined diagrammatically in Figure €. This method uses as the
computer input the output from a countex connected to the sensor.
The functions of all the other devices described above are re-
placed by the computational cepakility of the computer. The
nominal revolution time of the satellite is 3 seconds. Sixteen
times during the revolution the counter al the sensor is read and
regoet, and cach time the count is compared with the previcus maxi-
mun count. If the current count is found to be a nev maximum, it
replaces the old one and the interval number is also recorded.
The sum of the counts and the sum of the squares of the counts
are also appropriately incremented.

After each revolution has been completed, the exact
ratio of r is calculated, and the rehulLJng closest integer from
1l to 16 is stored for uhncquoni transmiscion. The number of the

interval during which the maximum occurred, imax’ is also stored

for subsequent trensmission.
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The flow chart shows that the maximum count, Cney’ is
[Py
converted to Jogarithmic notation and the log is stored foxr sub-

sequent transmission. In the system described previously, the
total count, C, was transmitted in logarithwmic notation. Either

could be used, depending on the one desired by the ground proces-
sors. The important thing is that a calculation of the log? is

necessary and that 8 bits are to be used to express the logarithm.
It is assumed that CmaX is at least 23 but less than 219. The
actual number, x, which is telcmetered, is, foxr Cmnx = 2n, equal
to (n-3)16 and ranges from 1 to 256~-this is the same method as
that wvesed on Fyplorer XIXIV.

An estimate of the time and memory requirements can be
made by referring to the flow diagram of the process. The loop
which must be done once each interval includes a read instruction,
a comparc, possibly two store instructions, two additions with re-
placement (one preceded by-.a multiplication), another comparc, and
an index increment. The loop which is done once every 16 inter-
vals (1 revolution) includes a multiplication and two divisions to
calculate r, a subroutine to calculate the log?, and some initia-

lizing instructions. Reasonsble storage requirements are estimated
to be 15 instructions and 5 data locations for the firgst loop and
100 instructions and 20 data locations for the second loop, in-
cluding the log subroutine. 7The total requirement, then, is 140
words.

Time requircments are based on a nominal revolution time
of 3 gseconds. Estimating 15 opewvations pcr interval (240 opera-
tions per revolution) plus an additional 180 operations at the end
of each revolution, a total of 420 operations would have to be
performed each revolution. Therefore, 140 operations per second
would be required.

This method of performing the experinent provides a more
precise value of the ratio, r, and an egually precise value of the
count as is obtained by the system designed for Explorer XXXIV.
Further, it may be possible to reducec the number of bits required
for transmission, depending on the actuval maximum of the counts
during a single interval and on the decirability of using the
maximum count for an intexval rather than the total count for the
sixteen intervals.
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COMMAND
CODE

26
27

36
05
06
24
25
34
22
01
35
02
15
15
15
15
15
15

32
23
30
03
16
17
13
12
11

10
00

31
20
21
33
37
14

05

04

DESCRIPTION

Add
Replace Add

Subtract

Convert Binary to BCD, 11 =0
Convert BCD to Binary, 1 - 1
Multiply Double Length
Multiply and Round
Divide Magnitude

Clecar Add Accumulator
Store Accumulator

Clear Add C Register
Store C Register

Shift Accumulator Right,
Shift Accumulator Left,
Long Right Shift, 1j2-1
Long Left Shift, Ij3=l
Scale A & Store Exponent Ij4+1

I10 1
I11=1

Scale AC & Store Exponent 1js=l

Logical Product
Logical Difference
Logical Sum

Halt

Branch if A Zero

Branch if A Positive

Branch if A Negative

Branch on Overflow

Branch on I/0 Busy
Jump Unconditionally
Transfcr Unconditionally

Transfer Return

Load Index Register
Store Index Register
Replace Increment Memory
Replace Increment Index

Input A (Parallel), Channels 0-7

(Serial)
Output (Parallel)
(Serial)

Input (Parallel), Channels 8-18

(Serial)

if r cdd,

= Shift Count, K = 1,
K =0, if r even
*Add 6 microscconds for

e rsiaen | e v St e g 0 g e et e AR

I = 1nst1ucL10n Register C

OPERATTION

EXECUTION
TIMES
(Microseconds)

AJOpclcdd— A
AiQOperand—=A Opecrand Address

A-Operand—eA

A Binary —®Apch
ABCD = Ap1Ipn

A Operand-+AC

A Operand—=A
AlOperand—+A
Operand —=A
A—+Operand Address
Operand —=C
C—+0perand Address
Apn—-tAn-l

Ap—hni]

ApCn —=An-1 Cn-

A A Operand-—-A

AN Operand —+ A

AV Operand A

Exccution Stops

Jump to Operand
if A=0

Juinp to Operand
if Apq =0

Jump to Operand
if A4 = 1

Jump to Operand
if A Overflow

Jump to Operand
if Q=1

Jump to Opcerand Address

P—+0Opcrand Addrcss

Jump to Opcrand Address

Operand—:+P

Operand —Index Reg.

Index Reg.—+Operand Address

Index Reg. + 1-—+Index Reg.

Index Reg. + Operand Address
—=Index Reg.

Skip if Index Reg., = 0

Input Data—%"Operand Address

Address
Address
Address
Address

Address

+1

Operand Address
—==-0utput Channel
Input Data—:+Operand Address

ApCn == Anty Cpel
A —&»Anﬂl until Agy=A23
Ancn nﬁlcﬂﬁl until Apzi-Agg

N oS NOYDY

—

12
16

12
84
84
90
90
90
12
12
12
12

-t
L

i

-}

_i.

12
18
18

6
12

12
12
12
12

i2
12

12
18
18
18
18

12
162
12
162
12
162

3(rtk)

- 3(rtk)

3(r+i)

L3 (rik)

3(rtk)
3(rtk)

address modificarion with index register

== Arththlc Register

e —

CONPUTER

*"5350

ILIO“”ATICJ MARUAL™, COHTROL

DATA CORPGRAT!IC:, OCTORER 1865
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TYPICAL LHSTRUSTIC LISTS
- (b) LSTRUCTHON LIST FX 1B M nm/w*
FI¥ED POINT INSTRUCTIONS
Insti‘uctlon Format Instruction Format
Load RR Subiract Logical X
Load X Cowpare RI2
Load Haliword RX Comnpare R¥
Load and Test RR Compare Haliword R
Load Complement RRt Multiply RR
Load Positive Ri Multiply RX
Load Negative RR Multiply Halfword RX
Add RR Divide RRR
Add RX Divide RX
Add Halfword RX Store RX
Add Logical RR Store Halfword RX
Add Logical RX Shift Ieft Single RS
Subitract RR: Shift Right Single RS
Subtract RX Shift L2oft Double RS
Subtrect Haliword RX Shift Right Deuble RS
Subtract Logical R
BRANCHHW}HJFIUCLHNF
Branch on Condition RR Branch on Count RX
Branch on Condition RX Branch on Index High RS
Branch and Link RR Branch on Index Low
Branch and Link RX or Equal RS
Branch on Count RR Exccute R
INPUT/OUTPUT AND STATUS SWITCHING INSTRUCTIONS
Instruction Format Instruction Format
Start I/0 SI Load PSW SI
Test 1/0 SI Load PSW Speeial SI
Halt 1/0 SI Set Prograin Mask RR
Test Channel SI Set System Mrsk SI
Direct Input SI Supervisor Call RR
Direct Output SI Change DPriority Mask SI
LOGICAL INSTRUCTIONS
Compare Logical RR Insert Character RX
Compare Logical RX Store Character RX
Compare Logical SI Load Address RX
AND RR Shift Lef: Single Logical RS
AND RX Shift Right Single
OR ER Logical RS
OR BX Shift Ieft Double Log;c.ﬂ RS
Exclusive OR RR Shift Right Double
Exclusive OR rX Logical RS
Test Under Mask Si

*"THE 184 & P MODEL EP
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DATA PROCESSR™, L.S.
1966 AERO/SPACE COMPUTER
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JELLCGRIA, INC.

GLOSSARY

For those who are unfamiliar with terms uvsed in computer
literature, the following brief explanalions are given for some
terms as they are used in this report.

Bit: A single character in a binary number, it can
have the value 0 or 1 as indicated by the
absence or presence of an electrical pulse.
It is analogous to digits which can have the
values 0 through 9 in the decimal systemn.

Buffer: Temporary storage used to make possible trans-
fers between two devices whose input and output
speeds are not matched.

Clock Time: One clock time is equal to the period of the
oscillator used to synchronize the various
operations in the computer. A real time clock
is a computer clock whose frequency is inter-
preted in terms of time outside the cowputern,

Data Points: A location, identifiable by the computer, at
which data is taken.

Data Word: One of the types of words in a computer (the
others are instruction words and memory words).
A set of ordered bits used to reprcseni a

number .
Executive The coordination and supervision of variousg
Function: jobs in the computer. This function is per-

formed by a computer program called the execu-
tive system or executive progrem.

Instruction: A coded command used to tell the computer what
to do. A computer has an instruction capable
of making it add, anothexr for causing a trans-
fer, and so on.

Instruction Word: Onc of the types of words in a computer (the
others are data word: and menory words). A
set of ordered bits used to designate what
operation the computer is to perform and what
the location of tlie opecrand is
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Gloosary (Contd.)

Intarrxuvpt:

Memory Word:

AT i)
OJ_.J-..F.:.DO. H

Cpcration:

Prosram:

Register:

Software:

internally generated signal
X : the cuwvrent cequonce of the

program Lkoling poarformed and causes a new se-
guence to Lo porformad.

An orduved set of bits in the computer's
primary storage device. It can contain
either dute vords or instinction words.

A word used in or resulting from an operation.

The
the
ing

tic, legic or tvensfcr action that
performs as a result of interpret-
ingtruction.

A list of instruction words and data that will
cauvse the computcr to operate on a problemnm.
Usually handwritten, it is punched onto caxds
or tape for subsequent entry into the machine.

A device for temporarily storing a single word
in preparation for operating on it. It may
store data, instructions, memory addresses, 0r
any other ordcred sct of bits. Usually it can
be loaded or emptied very quickly.

All of the computer programs written for use
in the computer system.



